



Discovery of actinium and the thorium isotope 230Th  
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Introduction 
The history of the discovery of actinium is described in the context of the definition of 
chemical elements. This element was discovered by Friedrich Giesel1 in 1902 who had 
named it first emanium. In 1900 Andre Debierne2 looking for a new radioactive element in 
pitchblende had found in an ammonia precipitation a substance with high radioactivity which 
was chemically similar to thorium and named it actinium. He really had discovered one of the 
first chemically inseparable radioactive elements, which were later identified as isotopes. 
Because it was not a new element for him, he took over the discovery of Giesel, and 
explained in 1904 that Giesel´s emanium was identical with his thorium-like actinium. Some 
details about the discovery of actinium are written in a paper in German,3 and in this paper is 
given an explaination why Debierne had rejected his own discovery and took over the 
discovery of Giesel.   
The discovery of a new radioactive substance by Debierne 
After Pierre and Marie Curie had discovered polonium and radium they proposed their co-
worker André Debierne to look for other undiscovered radioactive elements in pitchblende. In 
1899 Debierne had investigated the residue of uranium minerals from which the uranium had 
been removed in a mill. After removing of the known radioactive elements polonium and 
radium he added ammonia to the acidic solution and obtained a precipitation mainly 
consisting of the hydroxides of aluminium and iron which showed low radioactivity. From this 
he isolated titanium and found that the radioactivity of the preparation with analytical qualities 
of titanium was more than hundred thousand fold stronger than uranium and was neither 
originated from radium nor from polonium. He named this new element actinium. 4 In his 
paper he didn´t describe in detail the chemical procedure.  
 
In 1900 he wrote that he has continued his work about this radioactive substance, and 
explained that it had more similarity with thorium. He repeated that he had discovered a new 
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radioactive element, because known compounds of thorium are of lower radioactivity. 5 
Really he had measured the radioactivity of thorium isotopes. The description of chemical 
procedures are not clear. Therefore it was not possible to repeat his procedures. He also 
never had given the preparations described in his publications 1899 and 1900 to any other 
scientist. He didn´t believe that the measured radioactivity came from another kind of 
thorium. Therefore he had written that in future he will isolate the new element being the 
carrier of high radioactivity in his substance.  
Friedrich Giesel discovered emanium, a new element which was similar with 
lanthanum 
Friedrich Giesel was fascinated, when his friends the teachers at the gymnasium in 
Wolfenbüttel Julius Elster and Hans Geitel had informed him about the discovery of polonium 
in pitchblende by Marie and Pierre Curie shortly after their publication.6 He immediately 
ordered uranium minerals and residues from the production of uranium pigments from the 
chemical factory de Haen in List near Hannover and started with the separation of polonium 
and radium. Looking for the separation of polonium he found in the sulfuric acid solution of 
uranium minerals a barium containing residue which was highly radioactive.7  Before he had 
investigated this precipitation in detail M. and P. Curie published the discovery of radium. 
Then Giesel studied the crystallization of barium salts and found that radium could be 
enriched faster with bromides than with chlorides. In 1902 a special department of the factory 
was founded to produce radium. This enabled him to supply other researchers e.g. 
Rutherford in Montreal, Stefan Meyer in Vienna and even Marie and Pierre Curie with 
radium. Giesel had determined the deviation of the radiation in a magnetic field, and the 
flame spectra of radium, which colored the flame of a Bunsen burner in a beautifully carmine 
red.8  In 1900 when he had produced 2kg radium-barium bromide he obtained by addition of 
ammonia to the mother liquor from the re-crystallization of the bromides a radioactive 
precipitate. After its dissolution he isolated a small amount of radioactive rare earth with 
oxalate.9 In 1902 he precipitated with oxalate radioactive rare earth together with lanthanum 
and obtained a substance which intensively released emanation and found an enrichment of 
an active substance by fractionated crystallization of oxalates from diluted nitric acid. In the 
obtained substance the thorium content was very low. In this paper he first described the use 
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of fractionated crystallization of oxalates to separate radioactive rare earths from thorium.10 
The spark spectrum of his preparation shows only lanthanum and a small amount of cerium 
but no thorium or barium.11  In 1904 Giesel was sure to have discovered a new element, 
described its similarity with lanthanum and named it „emanium“.12 He explained it as 
companion of lanthanum, and had no doubt that this substance was a new element, different 
from radium.13 The radioactivity of its solid salts reached a constant maximum about one 
month after precipitation because he not had measured the low energy beta rays of his 
discovered emanium (227Ac) but the alpha rays of the daughter nuclides 227Th and 223 Ra. The 
behavior of decay, the co-precipitation with lanthanum, and its purification are reasons to 
accept that his emanium was 227Ac.  
Debierne takes over the discovery of Giesel and was accepted as discoverer of the 
element 87 
In the paper published in 1899 Debierne started with a statement that polonium and radium  
were new chemical elements and explained that Marie and Piere Curie had proposed him to 
look for further new radioactive elements in pitchblende. Debierne was certain that emanium 
discoverd by Giesel really was a new chemical element. Therefore he explained that the 
actinium, discovered by him in 1899 was identical with the emanium of Giesel. He repeated 
the procedures published by Giesel in 1904 and wrote that his discovered actinium could be 
also co-precipitated with lanthanum and explained that he but not Giesel had discovered the 
new element.14 Giesel has been astonished about Debierne´s new paper, in which was 
written that his emanium should be identical with Debierne´s actinium. Debierne had not 
answered on publications and letters from Giesel. Even when Giesel had sent a sample of 
his emanium to Marie and Pierre Curie he obtained no answer. Then Giesel travelled to Paris 
but there he got no answer to his questions.15 Debierne however became very active. In a 
session of the Parisian Academia of Sciences he explained again, that Giesel´s emanium is 
identical with his actinium, described in 1889 and pronounced that he had tried 
unsuccessfully to contact Giesel. This lecture appeared soon in a German translation in the 
„Physikalische Zeitschrift“,16 but not in “Berichte der Deutschen Chemischen Gesellschaft” 
where Giesel had published all his experiments with emanium.  
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Because of Debierne´s false statement, Giesel answered that only he had given the 
opportunity for a comparison when he visited Paris and had handed over emanium samples 
to other scientists. He wrote that Mr. Debierne had not replied to his publications, which 
appeared within three years, although he pointed-out a possible identity with actinium. 
Debierne had not fulfilled his desire to give a small sample of his preparation for comparison 
nevertheless Giesel had delivered Miss Curie a sample of his preparation. In Paris Giesel 
had not seen the old thor-actinium-samples but only the new ones. Giesel didn´t allow a 
curtailment of his discovery, which he had done completely independent.17  After discussion 
with Giesel the Curies decided to send the new preparation of Debierne together with a 
preparation of Giesel to William Ramsay from university college London. He gave them to 
Otto Hahn and Otto Sackur who were working there at that time. They found that both 
substances are emanating whereby the substance from Giesel was more pure than that of 
Debierne.18 Nevertheless Debierne was accepted as discoverer of actinium instead of Giesel 
and the name actinium, too. Hahn had never forgotten this situation. He wrote in his memoirs 
“that they had demonstrated by the half live of both substances, that it was the same 
element. For Giesel the substance was similar with lanthanum and for Debierne with 
thorium.” 19 
 
The discovery of the precursor of radium by Bertran Boltwood in 1907 
In 1907 the first hint that the element which was described and named actinium in 1900 by 
Debierne was not similar with rare earth elements but a kind of thorium came from Bertran 
Boltwood.20 He was looking for an assumed long lived precursor of radium which shows in 
minerals a constant activity ratio with uranium. Because he could not find 226Ra in purified 
uranium even after a long time, he concluded that uranium didn´t decay directly to radium but 
there must be another long-lived radioactive element between uranium and radium. At first 
he assumed that the missed element was actinium which Debierne had described. Boltwood 
purified a preparation which he had obtained according to the publication of Debierne in 
1899, and in 1900 despite of lack of experimental details. After some time in his substance 
Boltwood found radium which was built by the decay of the thorium like preparation. Then he 
isolated the emanium described by Giesel in 1902 and purified it together with r. e. e. In this 
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emanium he could not find radium even after a long decay time.21  Boltwood explained the 
thorium-like preparation obtained by him after the procedure described by Debierne in 1899 
as a new radioactive element and named it ionium which is now known as isotope of thorium 
(230Th). It was identical with or the main radioactive component of Debierne´s in 1899 
described preparation. Since that time was evident, that Debierne had not discovered the 
element number 87 but had found the radioactive element, which Boltwood had named 
ionium and was accepted at first as a new element and later as a new isotope of thorium. In 
1907 Boltwood wrote in a letter to Rutherford: „It is a curious and interesting fact that ionium 
was the chief, if not the only radioactive constituent of the radioactive substance that I 
separated from pitchblende in 1899 and which I had always supposed was actinium owing to 
Debierne´s perfectly rotten statements in the matter. I think that Debierne has probably had 
the stuff in his hands for years and has not the sense to identify it.” 22   
Why Debierne had rejected his own discovery 
In 1900 Debierne described that he had discovered in pitchblende a new element which he 
named actinium. It was similar to thorium but shows a higher radioactivity than thorium.  He 
didn´t believe that the measured radioactivity was another kind of thorium and wrote that he 
had planned to separate his discovered element from thorium. His actinium named element 
was indeed the first radioactive substance which was similar with a known element and 
because of its higher radioactivity at that time it would have been accepted as a new element 
and later as an isotope of thorium. In the same year radioactive lead was discovered by 
Hofmann and Strauss which first was accepted as a new element and later identified as an 
isotope of lead.23 When Otto Hahn in 1905 had discovered Radiothor, (228Th) it was accepted 
as a new element and later as isotope of thorium, too.24 
Debierne was looking for a new element and until his discovery there are no problems with 
the definition of Antoine Lavoisier of chemical elements “… by the term elements mean to 
express those simple and indivisible atoms of which matter is composed, it is extremely 
probable we know nothing at all about them; but, if we apply the term elements, or principles 
of bodies, to express our idea of the last point of which analysis capable, by any means, to 
reduce bodies by decomposition. Not that we are entitled to affirm, that these substances we 
consider as simple may not be compounded of two ore even of a greater number of 
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principles …”. 25 While until the middle of the 19th century the elements were discovered by 
new chemical properties of substances in weightable amounts, later some elements were 
first identified spectroscopically, e. g. rubidium and caesium in mineral water in 1861. In a 
similar way Marie and Pierre Curie discovered first polonium and then radium by radiation 
which ionize air. 26 They identified some chemical properties and in the case of radium later 
they isolated weighable amounts. These new radioactive elements were not in contrast to 
Lavoisier´s definition of chemical elements.  
The year 1900 is characterized by preluding the research about radioactive isotopes. New 
radioactive substances had been found, but not all were chemically identified. Looking for the 
source of radioactivity of uranium Sir William Crookes in London extracted the uranium from 
a pure uranium nitrate hexahydrate by ether and found the radioactivity in the aqueous 
residue from which he could co-precipitate it together with iron hydroxide by ammonia. After 
many experiments he was not able to find any similarity with a known chemical element. He 
wrote: „For the sake of lucidity the new body must have a name. Until it is more tractable I 
will call it UrX – the unknown substance in uranium”. 27 Now we know, that his UrX consists 
of 234Th and its daughter 234mPa which decays to 234U, and the radioactive substance 
discovered in the same year by Debierne contained mainly 230Th, the daughter of 234U and 
mother of 226Ra. Both radioactive substances discoverd by Crookes and Debierne are 
isotopes of thorium which are members of the decay series of 238U.  
The similarity of some radioactive elements became obvious after the discovery of Radiothor 
(228Th) by Otto Hahn in 1905 when he separated radium from a thorium rich mineral. 
Frederick Soddy who created the name isotopes, said in his Nobel lecture: ”The history of 
isotopes fittingly commences with the discovery of radio-thorium, a new product of the 
thorium disintegration seris.” Radiothor was found to be similar with the well known thorium 
by a lot of scientists. In 1907 McCoy and Ross had unsuccessfully tried to separate both. 
They wrote: „Our experiments sharply indicate that the radiothor is entirely inseparable from 
thorium by chemical processes”.28 In 1913 Soddy named these chemical inseparable 
elements isotopes 29 which were explained in detail by Georg de Hevesy and Fritz Paneth. 
They wrote, that isotopes are able to replace each other in chemical procedures, but 
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nevertheless there is a principal possibility for their separation using the differences in their 
masses e.g. by diffusion and centrifugation. 30 
The late acceptance of Giesels discovery 
Giesel was not accepted as discoverer of actinium for a long time, because at the time of his 
discovery in Germany no famous expert in the field of radioactivity was able to confirm it. 
When Giesel in May 1904 had visited Paris, the Curie`s were well known scientists 
worldwide. Their scientific results have been presented in the weekly sessions of the French 
Academy of Sciences a half year before they have been awarded with the Nobel Prize 
together with Henri Becquerel. Since 1899 Debierne has been an assistant of Pierre Curie at 
the Sorbonne. In consideration of the high authority of the Curies doubts about the results of 
Debierne did not gain any hearing. Susan Quinn wrote in a biography about Marie Curie that 
Debierne was a close friend of the family and had spent much time with them. She did not 
mention that Debierne had discovered actinium.31 Giesel was an excellent chemist, knowing 
nearly all papers about radioactivity. He was in good contact with many scientists. In the first 
years he was the only one able to supply other researchers with high quality radium 
preparations. In 1903 William Ramsay and Frederick Soddy got from him a sample of 30 mg. 
With this they found the production of helium from radium. Nevertheless in the scientific 
community the reward of his position as chemist in a factory was not comparable with that of 
a professor at a university. When Otto Hahn and Lise Meitner were looking for the precursor 
of actinium in residues of the production of radium from uranium minerals they obtained 
specially enriched preparations according the order of Hahn und Meitner from Giesel. In this 
material Lise Meitner enriched the long–lived isotope of the element protactinium together 
with tantalum, in which after a decay time she could measure actinium. 32 In spite of the 
important contribution of Giesel to the discovery of the precursor of actinium Hahn and 
Meitner could nothing do for the acceptance of Giesel as discoverer of actinium during World 
War I. Later Debierne became an important person as head of the Radium Institute in Paris, 
member of the Académie française and member of the International Committee on Atomic 
Weights. 
Doubts that Debierne has discovered actinium with the atomic number 87 are expressed 25 
years after World War II. The radio chemist Harold W. Kirby wrote in 1971 that Debierne´s 
claim to priority is based on two papers which are, as Boltwood said later were characterized 
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by the lack of precise experimental details and the absence of explicit statements.33  In 1996 
Jean-Paul Adloff wrote: „In fact Debierne’s assertion was false. To our knowledge it appears 
that his substance was a mixture of the two thorium isotopes ionium (230Th) and 
radioactinium (227Th) with a small amount of the now known actinium. The error was quite 
understandable, however owing to the extreme complexity of the mixture of the natural 
radionuclides. The real discoverer of actinium was probably Giesel. In the light of our 
knowledge of actinium chemistry, it now appears likely that Debierne´s preparation contains 
no actinium at all and that his 1900 preparation was a mixture of several radioactive 
elements possibly including actinium as a minor constituent”. 34 A critical reexamination of the 
evidence, long overdue, leads inevitably to the conclusion that it was Giesel, not Debierne 
who discovered actinium. 35 In a survey about the discovery of isotopes of actinium is written, 
that in 1902 Friedrich Oscar Giesel has found a radioactive substance, which he two years 
later named emanium, now known as 227Ac 36 Nevertheless, even today the French chemist 
André-Louis Debierne is often called as discoverer of actinium. Therefore it is necessary to 
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